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and other planets, solar radiation ~~rcssurc and velocity changes from trajectory correction
maneuvers (’l’CM’s) and atti[ucie u})ciates. q’he filter will also bc used to csti~nate the crrcrrs
caused by ~rounci-base’d phrmcnncna SLIC]l as lHN  station ]ocatio]w, ]1:]1 [}1 slJin rate and spin axis
orientation, ionosphere delay, and stalion-incluccd l)iases.

Once an LIpciate  to tlw spacecraft.’s or] lit is c)l)taine(i, this infc)rlnation will be cielivcrcd
to the Mars ]’athfincicr Flight ‘1’eam fol mission }~lanl~in~, and scqumtcil~g pur}mses. ‘1’his
updated orbit is also used as the starting point for desigl~inS  eacl~ of tlw four T<”M’s }~lanncci for
cr~lise, as well as predicting the Conditiolw for atn~osplu,rc  entry.

“1’rajectoxy  Correction Maneuvers

1 >uring the interplanetary c1 uise phase,  a series [}f four t I ajcc[o~ y corrrct ion maneuvers
(’1’CMS) arc performed to ccmqwnsate for lauTwll vehicle injcc[iol) erj ow a]d navi~~tion errors
that have occurred. ‘1’hese ‘l’CM’s ale planned for Iaun[hi 30 days, 1.aullchi 60 days, Arrival-60
days and Arrival-10 days.

At injection from Earth orlit, the sl)awcraft  will bc targc(cd to a biased aimimint to
minimiz.c the probability that the I’AM-l)  booster stage will in~l>act  Mars. ‘l’(’M-l will undo
most of this bias via a ‘turn-and burn’ rnal”wuvel’,  whcm the spacecraft tLlrIW to crrimt its spin
axis in the direction of the required 1 )clta-V and perforjl(s a ccmtinuolls tllrustcr burn. If the
required attitude is a]ong a directiml thal. would vio]atc thcrma], cmlllnulkication or power
C{)nstraillts,  th~> IIlallcuv(?r wi[] C(MISi St Of tW() tllrJ1-aIl(l-}) llrJ’l nMIK’UVCl S ~)otll al~n~ aCC@IblC

directions) that vectcrrally  add to tl~c cm-rcc[ 1 klta-\~. ‘1 ‘Ch’l-l will be the lar~cst maneuver
performed during the mission, account ing for al )pmxit l~atcl y 90% of t 1 Ie total 1 klta-V.  ‘1’CM-2
will be performed 30 c1 ays later, to cm rcct orbit deterj nilult ion al id maneuver cxecut ion crrc~rs
from ‘I’C’M-l.

1’CM-3 will be the first rna~wuvcr to target directly to t}w ai]rlpc)illt that will result in a
]anding  at a predetermined ]Crcaticul. 1 hlc to tl~e inclcaseci distance fl cm ];arth to the spacecraft
at this point in the mission, the sf>aceclaft  cannot turn its spin axis fa! frmn Earth and still
maintain ccrmmunicat ion with Itartl~. “l”lm cfort’, ‘1’C’M-3  will bc executed as a ‘vector-mcrcic’
maneuver, whereby the spacecraft lnaintaills an Earth-}  )ointed attitu(ic and the maneuver is
pcrforjnect as a series of thruster pulsillgs aloj]g the spacecraft’s axial a~lct lateral directions.
3’CM-4,  which corrects errors from ‘1 ‘C’M-3, will be perfol med in a silnilar manl Ler,

TCM-4 is expected to be the last maneuver p~ior to atmosp}~erc entry. 1 Iowcver, plans
for a fifth maneuver will be made in tlw unlikely rwcnt of a lar~e navi~ational error that
would jeoparcii~,e the success of the missioli. l“his fifth n laneuve~ could be performed as late as 6
hours out without severely irnpactin~ tile series of events required for entry, descent and
landing. 9

lnterplane[ary navigation accuracy assessment

‘1’here are two requirements that drive the delivery accuracy for tlw navigation system.
‘1’he first requirement states the error in i he fli~llt path allF,]L’ will be 110 greater than 10 at the
at mosj)here entry point, which is reached a t an altitude of 130 ktn. ‘I’1 Ie seconci requirement is tc)
deliver the lander to a predetmninc’ci  location cm Mars at 19.5° North latitude and 32.8° West
longitude, with a dcrwntrack  errol” no gleater than 150 knl al ld a c1 (Mt 1 ack error no greater than
50 kin.

Covariance stlldies and Mmltc-C’al Ic) alm]ysc’s  lMIVC been ]WI fo] mcd to determine the
expected level of navigation accuracy tlmt can bc acllieieci. ln])uts ijlto this analysis include
the n~a~nitucie of various spacecraft- ba.mi and [:rounci-tmed  mm SOLITCW tracking data
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Figure 1: Exploded View of the Mars Patt)finder  F“ligtd System
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